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The new ceramic superconducting materials, which have transition 
temperatures above that of liquid nitrogen, have great potential. 
However, most fabrication schemes produce consolidated forms with 
relatively low critical currents; successful application of these 
materials requires a means of measuring their critical parameters (such as 
critical current) that can be used to monitor and control fabrication 
processes. This paper describes a technique for measuring the onset of 
dissipation in a superconducting coating in a local and noncontacting 
manner. This work begins the process of developing noncontacting 
techniques for the measurement of critical currents on a local scale with 
the capability of providing spatial information. 
The technique is versatile and applicable to films, coatings, and 
wires. The probe can be coupled with the application of a constant 
external current at or near the critical value to obtain spatial 
information on the transport critical current in the material. The 
material studied is YBa2cu3o7_x prepared by sol-gel synthesis. The 
powder was processed to form a coating 140 ~m thick on a strontium 
titanate substrate approximately 1 em square. 
AC/DC MEASUREMENT TECHNIQUE 
The measurement consisted of inducing alternating currents (AC) in 
the superconducting material and recording the electromagnetic induction 
caused by these currents. In addition, a DC transport current was driven 
through the coating sample by an external power supply. The net current 
in the material was the sum of these two currents, which varied with 
location in the coating. When the current magnitude reached the critical 
value (Jc) at some position, dissipation occurred and was recorded by 
the response of the AC induced current. 
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Fig. 1. 
YBa2cu3o7_x Coating 
on SrTiO 3 Substrate 
~sport 
Schematic diagram showing the placement of the coils and 
superconducting coating sample. The coating thickness was 
140 ~m and the transport current was applied through 
sputtered gold contacts at the sample edges. 
Figure 1 shows the experimental geometry. A small solenoidal coil 
2.4 mm high and with a radius of 1.7 mm, wound with 21 turns of #38 wire, 
induced a circular AC current in the coating as shown. The response of 
the induced current was recorded by two pickup coils, wound coaxially with 
the drive coil, and a lock-in amplifier at a frequency of 1kHz. The two 
pickup coils were identical and wound oppositely and balanced so that no 
signal was produced by the drive coil in the absence of the 
superconducting material. This electromagnetic probe was placed with its 
lowest winding 0.7 mm above the coating surface. For this experiment the 
coil position was fixed at approximately the center of the coating; a 
cryostat with manipulation capability is being constructed to allow 
repositioning the coil both vertically and horizontally in order to 
provide spatial information. Gold contacts were sputtered onto the ends 
of the sample for the DC current and just under the coil for voltage 
measurement. These contacts were used to measure the critical current and 
onset of dissipation with the conventional 4-point probe DC technique. 
For the experiments, the assembly is placed in a closed-cycle helium 
refrigerator; the temperature is controlled with helium exchange gas and a 
heater. With this arrangement a drift down in temperature to 30 K from 
300 K takes around 30 to 60 min. 
Figure 2 shows the resistance of the sample versus temperature as 
measured by the DC technique. Although the coating starts to undergo the 
superconducting transition near 90 K, a continuous path with zero 
resistance is not completed until a temperature of 76 K is reached. The 
AC probe response gives the diamagnetism of the sample, which is 
proportional to the magnitude of the screening currents induced and the 
dissipation, which is a measure of the resistance encountered by the 
screening currents. 
AC MEASUREMENT OF TRANSPORT CRITICAL CURRENT 
Both of the AC probe parameters {diamagnetism and dissipation) can be 
used to record the onset of critical effects in the superconducting 
1136 
w 
~ ~ 
1.5~----~~----~------~------~------~-----. 
0.5 
Dissipation 
... ·· 
Resistance 
___ ./ __ // 
······················ 
.. ·· 
01-··::.:;····::::···::::···::.:;····::::···::::···::.;;····~···~···.-..··--·=······················ ························""··~··;;;,'""...,· ....---------i t- •••• ----
~ -0.5 
/'_, .. --
/ 
Diamagnetism ,/./ 
-1 -------------------
___ ,.. ...... ,.. ... ' 
·1·54L0-----::'5o _____ s:':o:-----::7::-o----a-==o=-----::g~o-----:1~oo 
TEMPERATURE (K) 
Fig. 2. Electromagnetic probe response (dissipation and diamagnetism) and 
resistance (contact method) recorded for the YBa2Cu307-x 
coating made by the sol-gel process. The AC measurements were 
made at 1 kHz. 
material by using a fixed induced current and varying some other 
parameter, such as temperature, magnetic field or (as here) an externally 
applied DC transport current. The conventional DC measurement of the 
transport critical current at 34 K for the coating is shown in Figure 3, 
where the voltage is given as a function of the externally applied DC 
current. A rapid rise in voltage (>1 ~V) is seen for a current value 
of 0.085 A, which is the critical value and 2orresponds to a critical 
current density (Jc) of approximately 9 A/em at 34 K. This low value 
of Jc is thought to result from the coating fabrication procedure and 
inhomogeneity in the coating. Further work is under way to improve this 
value. The ability to measure critical currents as a function of spatial 
position over the coating will be of great help in finding nonuniform 
regions and other defects in the coating. 
The AC parameters are also shown in Figure 3 as a function of the DC 
transport current. Two onsets of dissipation and corresponding changes in 
diamagnetism are seen as the transport current is increased. The first 
occurs at a relatively low current value, where no effects are seen in the 
DC measurement. The second occurs at approximately the same current value 
as the DC measurement and is the major effect. The two onsets, as 
recorded with the AC probe, follow the DC measurement results as the 
temperature is increased. Both of the AC probe onset features can be used 
to signal critical current being reached at some position in the coating 
as the external current is increased and, therefore, could be used to 
measure dissipation locally in the coating with a suitable scanning 
probe. 
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Fig. 3. Electromagnetic probe response (dissipation and diamagnetism) and 
DC voltage (contact method} recorded at 34 K for the 
YBa2cu3o7_x coating as a function of the externally applied 
transport current. 
The basic response of the electromagnetic probe to a superconductor 
can be calculated with the use of London's equations [1,2]. Assuming the 
conduction properties of the material are isotropic, the supercurrent 
density is proportional to the magnetic vector potential and inversely 
proportional to the square of the London penetration depth. The value of 
the intrinsic London depth for these high Tc materials is thought to be 
on the order of A = 0.1 - 0.2 ~m [3]. The field produced by 
the coils above tRe superconductor plane (assumed a halfspace as shown in 
Figure 4) can be calculated by the methods developed by Dodd and Deeds 
[4], with the current density proportional to the vector potential [5]. 
The results are depicted in Figure 4, where the vector potential is shown 
to decrease rapidly inside the superconductor in a distance of one London 
penetration depth. The induced current in the superconductor is 
azimuthal, as shown in Figure 5; it decreases in magnitude roughly 
exponentially with depth, and is zero at the center, maximum at a radius 
equal to that of the drive coil, and decreases to zero as the radius 
becomes large. However, the net current in the material at any given time 
is the sum of the AC induced current and the DC transport current (shown 
in the horizontal direction in Figure 5). In regions where the two 
currents add constructively, dissipation will result when the net 
magnitude exceeds the local critical value. This dissipation will show up 
in the AC response but not in the DC response, unless the average of the 
two currents exceeds the critical value. 
Both onset features of the AC response can be explained by this 
addition of currents. Figure 6 is a sequence of contour plots showing the 
regions of high net current magnitude as a function of the external 
transport current as calculated from a single drive loop model. The first 
plot of figure 6 shows the peak value of the induced AC current as a 
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Fig. 4. Schematic showing the AC drive coil above the superconducting 
coating. The values of the parameters are described in the 
text. The vector potential decreases rapidly inside the 
superconductor as shown, limiting the screening currents to the 
region very near the sample surface. 
AC Induced Current 
DC Transport Current 
Fig. 5. AC induced screening current and the DC applied transport current 
within the superconducting coating. 
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function of position over the coating. The values range from zero at the 
center to 34.7 at the coil radius and approximately zero again for radii 
greater than about 4 mm. The first onset of dissipation shown in Figure 3 
is where the net current magnitude first exceeds the critical value in the 
lower region of Figure 6 where the currents add. No response is seen for 
the DC measurement since the average value is still far below the critical 
value. In the remaining plots of Figure 6 the regions of dissipation are 
shown as those for which the net current magnitude exceeds the value of 
36.0 (arbitrarily set for these comparisons). As the transport current is 
increased, the dissipation region increases approximately proportionally 
to the current value (see Figure 6). At a current value of 35.0 the 
transport current is just below the critical value of 36.0, while at the 
value of 40.0 it is above the critical value. The dissipation region 
undergoes a dramatic increase between these two current values as shown by 
comparing the plots for Jt equal to 35.0 and 40.0 in Figure 6. This is 
the second and much larger onset feature seen in Figure 3. Here, both the 
AC and DC measurements show the onset of dissipation. For current values 
above the critical value, most of the superconducting coating is 
dissipating except near the top of Figure 6 where the two currents 
subtract. Here the net current is always below the critical value and 
some nondissipating screening current remains. This screening current can 
give the net nonzero diamagnetism seen in Figure 3 ~or current values 
above the critical value. Therefore, the above analysis based on addition 
of AC and DC currents in the coating can explain all the main features 
seen in the AC probe response data of Figure 3. 
A more appropriate model for these high Tc materials would be to 
assume they are made up of a large number of small particles (grains), 
each of which is superconducting [6]. The composite coating contains 
individual, isolated grains as well as grains interconnected by grain 
boundaries. In this model the excitation magnetic field would induce 
currents totally within as well as between grains or particles. Both 
currents would be measured by the AC current technique. Only the 
intergrain (transport) current is important for many applications, and it 
is the grain boundary that is currently thought to be the limitation to 
achieving high critical currents in consolidated bulk forms. The 
diamagnetism remaining after the critical current value has been exceeded 
could also contain contributions from the intragrain currents mentioned 
above that have a much higher critical value than that imposed here. 
CONCLUSIONS 
An AC electromagnetic probe, similar to currently used Eddy current 
probes, can be used to measure DC transport critical currents in 
superconductors. It has been found that the probe can detect critical 
regions in superconducting coatings by measuring the response of AC 
induced screening currents. Both the onset of small dissipating regions 
and the effect of the entire coating reaching critical current can be 
measured. All features of the results can be approximately described with 
the aid of the London model for superconductivity in homogeneous 
materials. The probe could be miniaturized, perhaps to the micron size 
level, and manipulated such that positional information could be obtained 
in order to measure dissipation locally for process feedback and control. 
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Magnitude of the net current (as seen from above the coating) as 
the external transport current Jt is increased. The coating 
critical current value Jc is taken as 36.0; contours above 
36.0 are not shown in order to illustrate the region of the film 
which is at or above critical current and dissipating. The 
maximum induced current value Ji is 34.7. 
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